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57 ABSTRACT 
A height sensor is provided in a vehicle leveling system 
having an air spring including a pressurized chamber 
connected between sprung and unsprung vehicle 
masses. Two radioactive material sources located 
within the chamber and attached for movement with 
the unsprung mass emits beta radiation which passes 
through the wall of the chamber and a pair of beta 
detectors outside the chamber and mounted on the 
sprung mass for movement therewith detects the beta 
radiation to determine the relative spacing of the sprung 
and unsprung masses. 

3 Claims, 4 Drawing Figures 
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1. 

RADIOACTIVE HEIGHT SENSORFOR 
AUTOMATICLEVEL CONTROL 

This invention relates to an automatic level control 
for automotive vehicles and particularly to a radioac 
tive height sensor for such a level control. 

It is known to use an adjustable shock absorber or an 
air spring/damper arrangement in the suspension of a 
vehicle to provide a controllable spring force to adjust 
the height between the sprung and the unsprung masses 
of the vehicle to a predetermined value. Various de 
vices have been proposed to sense the height between 
those two vehicle masses for the purpose of controlling 
the pressure applied to a chamber of the controllable 
spring device. One example of such a height sensing and 
controlling arrangement is given in the SAE Publica 
tion No. 780051 "A Dry Air, Electronic-Controlled 
Leveling System for Passenger Cars and Light Trucks' 
by Jerry W. Burns. It is desirable that the height sensor 
be integrated with the air spring/damper assembly and 
that the sensing arrangement will be incorporated with 
outbreaching the integrity in the high pressure chamber 
of the air spring. 

It is, therefore, a general object of this invention to 
provide a height sensor for an automatic level control 
which is readily integrated into the level control device. 
It is a further object to provide such a sensor which 
maintains the integrity of a pressure chamber in such a 
level control. 
The invention is carried out by providing at least one 

beta radiation source and detector each connected to 
one of the sprung or unsprung masses of a vehicle 
wherein the degree of alignment of the source and de 
tector is indicative of the height relationship between 
the masses, wherein the detector comprises a fluores 
cent material for emitting light when irradiated by beta 
radiation and a photosensor exposed to the light emitted 
thereby to produce an electrical signal for controlling 
the leveling system. It is contemplated that the source 
and detector will be mounted inside and outside, respec 
tively, of a chamber of a spring device and the beta 
radiation will pass through the wall of the chamber. 
The above and other advantages will be made more 

apparent from the following specification taken in con 
junction with the accompanying drawings wherein like 
reference numerals refer to like parts and wherein: 
FIG. 1 is a partly cross-sectioned elevational view of 

an air spring/damper incorporating a height sensor 
according to the invention; 

FIG. 2 is a cross-sectional view of an air spring 
/damper taken along lines 2-2 of FIG. 1; 
FIG. 3 is a vertical cross-sectional view of a portion 

of the air spring/damper taken along lines 3-3 of FIG. 
1; and 

FIG. 4 is a diagrammatic illustration of a beta source 
and detector illustrating the operation of the height 
sensor according to the invention. 

Referring to FIG. 1, a damper or shock absorber 10 
of well known construction is secured at an airtight 
joint to a mounting plate 12 having an aperture 14 for 
receiving a fastener to secure the plate to the unsprung 
mass of a vehicle. A cylindrical sleeve 16 concentric 
with and spaced from the damper 10 is fastened at its 
lower end to the plate 12 in an airtight sealing engage 
ment. The sleeve 16 extends up to the top of the body17 
of the damper 10 and is open ended. A piston rod 18 
extending from the upper end of the damper 10 has its 
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top secured to a cover 20 which comprises an aluminum 
casting having a downwardly projecting hub 22. A 
flexible boot 24 comprising the flexible portion of an air 
spring has one end secured to the circumference of the 
hub 22 and the other end is secured about the upper 
portion of the sleeve 16. An outer sleeve 26 surrounding 
the sleeve 16 has a varying diameter along its length and 
provides a surface against which the boot 24 lays when 
the air spring is at least partially compressed as shown in 
the drawing. The cover 20 is intended to be attached to 
the spring portion of the vehicle. Thus, an air chamber 
25 for retaining pressurized air is defined by the plate 
12, sleeve 16, boot 24 and cover 20. 
To accommodate a height sensor, the cover 20 has 

formed at one side thereof a rectangular box 27 fitted 
with a plastic cover 28. A circuit board 30 containing an 
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electronic circuit for the height control is secured 
within the box 26. The circuit board 30 includes termi 
nal 31 at one edgethereof and a port 33 in the aluminum 
casting allows an electrical connector from a wiring 
harness to plug into the terminal 31. Except for the 
terminals, the component side of the circuit board is 
embedded in potting compound 35. A pair of beta radia 
tion detectors 32 each mounted on a post 34 depends 
from the circuit board 30 and extend into a well 36 
formed in the top surface of the cover 20. Another well 
38 is formed in the bottom surface of the cover 20 adja 
cent to well 36 and separated therefrom only by a thin 
wall 40 of the aluminum casting which comprises the 
cover 20. The wall 40 is thin only in the region opposite 
the detectors. The wall thickness increases to a thick 
section 41 just below the thin portion 40. A pair of 
tubular standards 42 extend into the well 38 at locations 
aligned with the two detectors 32 and the top of each 
standard comprises a capsule 44 containing a beta 
source 46. The capsule 44 as well as the thick aluminum 
casting of the cover 20 provides shielding of the beta 
radiation. However, a window, not shown, allows radi 
ation to pass toward the thin wall 40 in the direction of 
the corresponding radiation detector 32. 
The standards 42 are supported on a pair of vertical 

guide rods 50 which are mounted on the mounting plate 
12 in the space between the sleeve 16 and the damper 
10. The lower end of the tubular standard 42 carries a 
radially extending flange 52. The standard 42 slides 
over the guide rod 50 in a telescoping manner. A coil 
spring 54 surrounding each guide rod is compressed 
between the base plate 12 and the flange 52 of the stan 
dard 42 to thereby urge the standard 42 upward toward 
the cover 20. A stop member 56 surrounding each stan 
dard 42 above the flanges 52 provides an abutment to 
engage the flange 52 on the standard to limit the upward 
movement of the standard. One standard 42 is shorter 
than the other so that when each are in their extreme 
upper position, as shown in FIG. 3, the beta sources 46 
will be at different heights so that only one, at most, can 
be in alignment with the corresponding radiation detec 
tor 32. The standards are so designed that at the desired 
height (i.e. the height which signifies a level vehicle 
attitude) only the highest one of the beta sources 46 will 
be aligned with this corresponding detector to activate 
that detector. For heights which are too low, wherein 
the cover 20 is depressed relative to the mounting plate 
12, the higher standard 42 is also depressed so that both 
standards contact the top of the well 38 and both of the 
beta sources 46 will be aligned with their corresponding 
detectors 32. On the other hand, when the height is too 
high, the cover 20 is separated from the mounting plate 
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12 by an amount exceeding the limit of travel of the 
higher standard 42 so that neither beta source 46 is 
aligned with a detector 32. Thus, one detector 32 is 
activated when the sprung mass is at its correct height, 
both detectors are activated when the sprung mass is 
too low and neither is activated when the sprung sprung 
mass is too high. The control circuit on the circuit 
board 30 then monitors the output of the detectors and 
generates control signals for changing the height when 
required. 
The circuit board 30 is connected to a wiring harness 

60 which includes a connection to a battery 62 to supply 
power to the control circuit, connection to an electri 
cally driven compressor or air pump 64 to increase air 
pressure or to a solenoid exhaust valve 66 to decrease 
air pressure in the air spring. The pump and exhaust 
valve are connected to an air line 68 which is connected 
to a port, not shown, in the cover 20 for supplying air to 
or relieving air from the interior of the air spring. While 
a simplified air pressure control arrangement is pro 
posed here, other control systems for maintaining ap 
propriate pressure in an air spring are well known in the 
art as exemplified in the above-mentioned SAE Publica 
tion. 
The beta radiation source and the detector arrange 

ment are diagrammatically depicted in FIG. 4. The 
detector 32 supported on the posts 34 preferably com 
prises a photosensitive solid state device such as a pho 
totransistor 70, and a coating of fluorescent material 72 
applied to the phototransistor. The fluorescent material 
will emit light when in the presence of beta radiation 
from the source 46. The phototransistor will be ener 
gized by the emitted light when the beta source is oppo 
site the detector 32, since the beta radiation can in part 
penetrate the thin wall 40 separating the beta source and 
the detector. When, however, the source 46 is in a 
lower position as depicted in dotted lines, the beta radia 
tion incident of the detector 32 sharply declines because 
the source is no longer aligned with the detector and 
because the thick wall section 41 below the detector 
tends to shield the source from the detector. As a spe 
cific example of the source-detector arrangement, it is 
assumed that the source has an effective emission area 
of 4 mm2 and the area of the thin wall 40 adjacent the 
detector 32 is of at least that same area. For a Krypton 
85 beta emitter of 200 microcuries having a half life of 
10.76 years and a maximum energy of 0.67 MeV, a 0.76 
mm thick aluminum wall 40 is appropriate. The beta 
radiation passing through that section will have a maxi 
mum energy of 0.132 MeV and 12% will have been 
absorbed by the aluminum. The radiation striking the 
detector will produce 3.96X 108 light photons per sec 
ond in an organic phosphor of Anthracene having a 
conversion effigiency of 3 -4%. The peak emission 
spectra is 4450A. Typical phototransistors will have a 
relative response of 20% at this wavelength. Other beta 
emitters such as Tritium, Strontium 90 and Promethium 
147 may be used although the thickness of the aluminum 
wall and the activity of the source must be suitably 
altered. Similarly, other phosphors, both organic and 
inorganic, are usable to excite the photosensor. The 
organic phosphors can be Stilbene, P-Terphenyl and 
Naphthalene, for example, while inorganic phosphors 
include NaI(Tl) and ZnS (Ag). 

It will be seen that the height sensor according to this 
invention is readily integrated with an air spring damper 
assembly and since the beta radiation passes through the 
thin aluminum section of the cover 20, the integrity of 
the air chamber defined by the cover 20 and the boot 24 
is not breached. 
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4 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as 
follows: 

1. In an automatic vehicle leveling system a sensor for 
detecting the height relationship between the sprung 
and unsprung masses of the vehicle with respect to a 
predetermined height, comprising 

beta radiation detector means connected to and mov 
able with one of the masses including photosensor 
means, a fluorescent material adjacent the photo 
sensor means for emitting light when irradiated by 
beta radiation, and the photosensor means exposed 
to light emitted by the fluorescent material to pro 
duce an electrical output in response to the irradia 
tion by beta radiation, and 

beta radiation source means connected to and mov 
able with the other of the masses and positioned to 
irradiate the radiation detector means according to 
the height relationship between the masses, 

whereby the electrical output from the detector is 
indicative of the height relationship. 

2. In an automatic vehicle leveling system a sensor for 
detecting the height relationship between the sprung 
and unsprung masses of the vehicle with respect to a 
predetermined height, the leveling system having a 
pressurized chamber connected between the said 
masses, comprising 
a portion of the pressurized chamber comprising a 

thin wall section pervious to beta radiation, 
beta radiation detector means connected to and mov 

able with one of the masses and mounted on one 
side of the thin wall section, a fluorescent material 
adjacent the wall for emitting light when irradiated 
by beta radiation, and photosensor means adjacent 
the fluorescent material and exposed to light emit 
ted thereby to produce an electrical output in re 
sponse to the irradiation by beta radiation, and 

beta radiation source means connected to and mov 
able with the other of the masses and positioned on 
the other side of the wall section to irradiate the 
radiation detector means through the wall accord 
ing to the height relationship between the masses, 

whereby the electrical output from the detector is 
indicative of the height relationship. 

3. In an automatic vehicle leveling system a sensor for 
detecting the height relationship between the sprung 
and unsprung masses of the vehicle with respect to a 
predetermined height, the leveling system having an 
adjustable air spring including a pressurized chamber 
for spacing the said masses, comprising; 
a portion of the pressurized chamber comprising a 

thin wall section pervious to beta radiation, 
two beta radiation detectors connected to and mov 

able with one of the masses and mounted on one 
side of the thin wall section, each detector compris 
ing a solid state photosensor coated with fluores 
cent material and exposed to light emitted thereby, 
the fluorescent material emitting light when irradi 
ated by beta radiation, so that each detector pro 
duces an electrical signal in response to the irradia 
tion by beta radiation, and 

beta radiation source means connected to and mov 
able with the other of the masses and positioned on 
the other side of the wall section to pass radiation 
through the wall section to irradiate the radiation 
detector means according to the height relation 
ship between the masses, 

whereby the electrical signals from the detectors are 
indicative of the height relationship. 


